Abstract. The advent of the new class 8 meters telescopes allows for the first time the detailed study of numerous stars of galaxies other than our own. The Large Magellanic Cloud is one of the most interesting targets due to its proximity and its relatively face-on disk, permitting to separate populations pertaining to the different structures of the galaxy. We have used FLAMES (the Fibre Large Array Multi Element Spectrograph) at the VLT-UT2 telescope to obtain spectra of a large sample of stars from the Inner Disk of the LMC, ∼2 kpc from the center of the galaxy. We investigate the chemical abundances of iron-peak elements, heavy and light s-process elements, Cu, Na, Sc and α-elements for a sample of red giant Galaxies, and is supported by our results, indicates a global building scenario instead of a galaxy formation process with acreting events.
Introduction
During the last decade, due to the operation of the new class large telescopes, we have been witnessing for the first time the chemical analysis of large samples of individual stars from external galaxies. Thanks to new optical technologies, objects fainter than supergiant stars, planetary nebulae or HII regions are now possible targets to extragalactic research, allowing the study of older objects and the exploration of earlier phases of galaxy evolution. The abundance pattern of diverse elements in numerous stars in a galaxy give information on different domains such as the kinematic and chemical evolutions, the nucleosynthesis of the elements, the star formation history (SFH) and the initial mass function (IMF) of the given population.
One of the most interesting extragalactic objects to the study of stellar populations is the Large Magellanic Cloud (LMC), our nearest companion after the Sagittarius dwarf galaxy, which is in a merging process with the Milky Way. The LMC is an irregular galaxy located within 50 Kpc from the Sun. A disk, a bar and a thick disk or flattened halo have already been kinematically defined in the LMC (e.g. Westerlund 1997). The almost face-on position of its disk, with a tilt relative to the plane of the sky of ∼30 o , gives us the precious opportunity to study stars from its different components. An observational project aiming at making the full chemical analysis of significant samples (∼70-100) of stars from different locations in the LMC has been developed taking advantage of the FLAMES multiplex facility at the VLT. We have obtained spectra from stars in three different regions of the LMC: the Inner Disk (characterised by a galactocentric radius of R C =2kpc); the Outer Disk (with R C =4kpc); and a field near the optical center of the Bar. Stars have been selected based on kinematics and metallicity data derived from the infrared calcium triplet (CaT), trying to sample as evenly as possible the whole metallicity range of this galaxy.
According to models of galaxy formation within a hierarchical CDM scenario (D'Onghia & Lake 2004 , Moore et al. 1999 , the past history of the Milky Way galaxy is closely connected to its environment. Particularly, the Magellanic Clouds, as the nearest galaxies and with a strong evidence of ancient dynamical interaction with the Galaxy, may preserve important clues about the formation and evolution of the Milky Way. In the present paper we focus on the Inner Disk region and we present abundance results for iron-peak, heavy and light s-process elements, and α elements for the Inner Disk stars in a total of 62 stars. With this detailed information in hands, we aim at shedding The paper is organized as follows: in Sect. 2 the observations and the reduction procedure are described; in Sect. 3 the stellar parameters calculation is presented; Sect.
4 describes the abundance determination procedures; Sect. 5 reports the results for the abundance ratios, comparing to samples of the Galaxy; in Sect. 6 we compare our results to those for the dSph galaxies; we discuss the results in Sect. 7; and finally in Sect. 8 a summary of the work is given.
Sample selection, observations and reductions

Sample selection
To best measure the chemical abundances of the LMC disk and their evolution along time, we selected a field located 1.7
• southwest of the LMC Bar, in the Bar's minor axis direction which ensures a negligible contribution of the Bar's stellar populations. This field was already studied photometrically from HST color-magnitude diagrams (SmeckerHane et al. 2002, hereafter SMH02) , indicating that the star formation history has been rather smooth and continuous over the last 15 Gyrs, with a possible slight enhancement in the last 2 Gyrs (contrary to the recent enhanced star formation episodes detected in the LMC Bar between 4 and 6 Gyrs). This field has also more recently been the target of a low-resolution spectroscopy campaign (Smecker-Hane et al. in press, hereafter SMH), around the infrared calcium triplet (CaT), to derive it's metallicity distribution and a relatively flat age-metallicity relation.
We have used these infrared CaT metallicities from SMH to select a sample of red giant branch stars members of the LMC (based on their radial velocities) and distributed uniformly (i.e. with the same number of stars in each metallicity bin) over the whole metallicity range of the LMC disk. In this way, we have been able to sample very efficiently also the lower metallicity bins of the LMC. The most metal-poor stars convey essential information on the chemical evolution of this galaxy, but they are rare, hence their number would have been significanly lower if we would have selected our sample by picking stars randomly across the RGB. The final sample consists in 67 stars with CaT metallicities ranging from −1.76 to −0.02 dex (including 13 stars with metallicities below −1.0 dex), drawn from the 115 stars sample of SMH. In Fig. 1 we show the sample stars overplotted on the color-magnitude diagram of the LMC disk region targetted (CTIO photometry from SMH). As can be seen from this figure, the sample mean magnitude is around V=17.25 mag, bright enough to allow reasonable S/N high-reslution spectra to be aquired. λ612.0 -λ640.6 nm with R=22500, and (iii) H11 λ559.7 -λ584.0 nm with R=18529.
Exposure times are 6 hours for H14 and H13 setups and 7h30 for H11. The setups were chosen in order to cover the maximum number of key elements such as Fe I and Fe II for spectroscopic calculations of stellar parameters, and α, iron-peak and s process elements, for chemical evolution analysis. The average signal to noise ratio of the spectra is S/N∼40
per pixel.
The data reduction was carried out using the BLDRS (GIRAFFE Base-Line Data Reduction Software http://girbldrs.sourceforge.net/) and consists of bias subtraction, localization and extraction of the spectra, wavelength calibration and rebinning. We have also used the MIDAS packages for sky subtraction and co-addition of individual exposures.
Determination of stellar parameters
Photometric stellar parameters
A first guess of the stellar parameters was made from photometric data of CTIO (V,I from SHM) and 2MASS (J,H,K). Bolometric magnitudes and effective temperatures were derived from calibrations of Bessell, Castelli & Plez (1998, hereafter BCP) . The observed CTIO and 2MASS colors were transformed into the corresponding photometric systems using Fernie (1983 Table 1, while Table 2 gives the derived effective temperatures (T phot ) and gravities (log g phot ): T phot is derived using the BCP calibration of the deredenned V−I and V−K colors, and the gravity is computed using the following relation:
where M bol is computed from the deredenned K magnitude of the star, the bolometric correction BC K taken from BCP and a distance modulus to the LMC of 18.5 mag, and the mass of the stars (M) are assumed to be 2M⊙. For the reddening, two values
1 The remaining fibers were allocated to targets of other Science Verification projects in the LMC were checked: E(B−V) = 0.03, was derived by SMH02 for the sample of the Inner Disk, using Ströemgren photometry, whereas E(B−V) = 0.06, a mean value for the whole disk (Bessell 1991) .
We adopted CaT metallicities from SMH as our initial guesses and reported them in the [Fe/H] CaT column of Table 2 .
Temperatures
We have derived temperatures from V−I, V−K and J−K colors. We have found some trends when comparing temperatures from different colors: T eff (V−I) is 65K hotter than T eff (V−K) in the mean, with σ=59K; T eff (J−K) is 21K hotter than T eff (V−K) and shows a highly dispersed relation, with σ=118K (these numbers vary only slightly when using a redening of E(B−V)=0.06 or 0.03). As initial values of our stellar temperatures we have chosen to use a weighted mean (of the different estimates mentioned above), leaving out the less temperature sensitive (J−K) color index and giving a higher weight to the most temperature sensitive (V−K), according to the following expression:
In Table 2 the inferred temperatures for the two values of redening, T photLow and T phot for E(B−V) = 0.03 and 0.06 respectively, are given.
Spectroscopic parameters
The final stellar parameters used for abundance determination of the sample stars were derived spectroscopically in the following way, using abundances derived from the equivalent widths (EW) of iron lines. We have estimated the stellar parameters as follows: effective temperatures are calculated by requiring no slope in the A(Fe I) vs. χ exc graphic; microturbulent velocities, V t , are derived demanding that lines of different EW give the same iron abundance; and gravities are determined by forcing the agreement between Fe I and Fe II iron abundances (within the accuracy of the abundance determination of Fe II). For the temperature and gravity ranges covered by our current sample of stars, T eff and log g determinations are well correlated and the calculation of stellar parameters is made iteratively. In Fig. 2 we show an example of the excitation and ionization equilibrium calculations for the star RGB 625, with plots of A(FeI) vs. χ exc and A(FeI)
vs. EW. The spectroscopic and photometric parameters of all our stars are reported in Table 2 , together with the barycentric radial velocities calculated from the spectra.
Equivalent widths, line list and model atmospheres
The EW of the lines and the radial velocities (Rv, reported in Table 2 ) of the stars are computed using the program DAOSPEC written by Stetson (Stetson and Pancino, in preparation). The line list and the atomic data were assembled from the litearure and the log gf references are given in Table 3 The model atmospheres are OSMARCS models kindly provided by Plez (private communication 1993 -1995 , described in Plez & Brett 1992 , described in Cayrel et al. 2004 ).
Comparison with UVES analysis
In a previous observing run (066.B-0331), we had obtained UVES spectra (in slit mode)
for two of our sample stars, RGB 666 and RGB 808. UVES is an echelle spectrograph also mounted on the VLT Kueyen telescope with a higher resolving power: R = 45000
(with a slit of 1 ′′ ) and a much wider wavelength coverage (in the case of our chosen setup, 4800-6800Å), and therefore with a better performance to derive equivalent widths. In Fig. 3 , equivalent widths derived with DAOSPEC from UVES spectra are compared to those measured on the GIRAFFE spectra of the same 2 stars (left plot: RGB 666, right plot: RGB 808). In the left upper corner of the graphics, the mean difference of both analyses are given together with the dispersion and the number of lines used (lines of all elements are plotted in these comparison). We can see from these plots that GIRAFFE EW are only slightly higher than UVES EW. Such a difference is probably due to a better definition of the continuum for the UVES spectra. The effect is slighlty more pronounced for EW larger than 150, but this is expected because of the gaussian approximation with a fixed FWHM made by DAOSPEC when fitting the lines: at UVES resolution, this leads to underestimating the EW of the strongest lines. We have also noticed that the plot for RGB 666 shows a higher scatter, maybe due to the lower temperature of this star.
Comparing the stellar parameters, we have found a good agreement between both analyses, showing that results from GIRAFFE spectra are robust. For RGB 666 the parameters derived from the UVES spectra are: T eff = 4300 K, log g = 0. 
Behavior of stellar parameters
We have found good agreement between spectroscopic and photometric temperatures.
Our spectroscopic temperatures are hotter than photometric temperatures derived using the low reddening value, T photLow , by 99 K, with σ=63K, and by 58K than T phot (higher reddening value) with σ=64K. An interesting result is depicted in Fig. 4 where we compare the spectroscopic temperatures T eff (spec) with those derived from colors, 
1999
) and the excitation temperature scales are well aligned, this could indicate that E(B−V)=0.06 is a better reddening value for this region.
As a check of the spectroscopic gravities, we have plotted in Fig. 5 
Abundance determination
We have selected a list of lines covering the chosen setups in order to sample as much as possible the most important elements: iron-peak, neutron-capture and α elements.
Abundances are derived from EW mesurements for seven elements (in parenthesis the average number of lines used in the analysis): Fe (45), Ni (7), Cr (4), V (11), Si (3), Ca (10), Ti (7) and Na (3). We have also derived abundances by using line synthesis for nine 
Abundance Errors
Errors in the estimated abundances have three main sources: the uncertainties in the stellar parameters, the uncertainties in the measurements of the EW (or spectrum synthesis fitting) and the uncertainties on the physical data of the lines (mainly log gf).
The errors due to stellar parameters uncertainties, δ([X/Fe]) model , are given in Table   8 , assuming the following uncertainties in each of the stellar parameters: 
where N X is the number of lines of the element X.
Then, in order to estimate the total error in the [X/Fe] ratios (mesurement error plus error due to the stellar parameter uncertainty), we combined: Table 8 ). The total errors for abundances derived from EW are given in Tables 4-6 together with the abundance estimates. For the error bars reported in all our abundance plots (always shown in the lower left corner of Figs. 8-12) we have adopted two error sources. The first due to stellar parameters uncertainties (leftmost side of the plots) comes directly from Table 8 , whereas the second (more to the right side)
represents the error associated with the abundance analysis -for those derived from the EW, this is the mean error of Tables 4,5 , and 6, and for those elements with abundances derived from spectrum synthesis, it is the value described earlier on in this Section.
Abundance Distributions and comparison to Galactic samples
In Figs. 8 to 12 we depict the chemical distributions for the α-elements, the iron-peak group, Na, Sc, Cu and s-elements for our stars compared to different samples of the Galaxy. Our data are represented as blue dots and the MW disk and halo data are 
Ca, Si and Ti
In Fig. 8 sample are similar to our values, although with a higher mean abundance.
Iron-peak elements
Abundance distributions for the iron-peak elements are shown in Fig. 10 NS97 low-α stars overlap our sample for Ni and Cr, but lie in the high abundance envelope of the distributions.
According to nucleosynthetic predictions, iron-peak elements are mainly produced in SNe Ia (Iwamoto 1999 , Travaglio et al. 2005 . 
Copper
In Fig. 11 Although originally associated to the iron-peak elements, copper has still a very debated origin (e.g. Bisterzo et al. 2004 , Mishenina et al. 2002 .
Sometimes its main source is attributed to SNe Ia (Matteucci et al. 1993 , Cunha et al. 2002 , Mishenina et al. 2002 and sometimes to SNe II, particularly to a metallicity dependent mechanism (Bisterzo et al. 2004; McWilliam & Smecker-Hane 2005 
s-process elements
We have found interesting chemical distributions for the s-process elements for our sample stars (Fig. 12) . High abundances of elements heavier than Zr were also derived for LMC and SMC supergiants (Russell & Bessell 1989; Spite et al. 1993; Hill et al. 1995) . Hill et al. (1995) for example, found that the light s-elements Zr and Y show solar composition in LMC supergiants while heavier s-elements (Ba, La, Nd) as well as the r-process element Eu are enhanced by +0.30 dex. As discussed by these authors, the overabundance of the heavier s and r-process elements seems to be a characteristic of the Magellanic Clouds, and indicate a particular evolution of that galactic system, although no satisfactory explanation was proposed for it.
In order to evaluate the r and s process contributions within our sample we analysed the r-process content of two of our sample stars for which we have UVES spectra that cover the Eu λ 6645Å line. Eu and Ba abundances were derived for these spectra, in the same way we did for GIRAFFE spectra. For RGB 666 and RGB 808, we find A high r content seems to be in contradiction with the observed low [α/Fe] ratios (both being produced in massive stars). More data on Eu abundances are needed to confirm this high r content, and in particular, the trend of the s/r fraction (traced by [Ba/Eu]) as a function of metallicity will help to constrain the source of the high content of heavy s-elements in the LMC disk. We intend to tackle this issue in the two other fields (Bar and Outer Disk) of our LMC program, since one of the MEDUSA wavelength ranges covers the Eu line for these fields.
The NaMg, NaNi relations
In the paper by NS97 the authors have found a correlation between Na and Ni for their halo stars (both "normal" and "low-α" stars). Such correlation has been confirmed for a group of stars in the Dwarf Spheroidal Galaxies ( 
Comparison to the Dwarf Spheroidal Galaxies
In Figs. 15 to 18 we compare the chemical distributions of our LMC sample to those of the dSph galaxies of Shetrone et al. (2003) and Tolstoy et al. (2003) , and the Sagittarius dwarf galaxy (Sgr) of Bonifacio et al. (2004) . Unfortunately the chemical distribution of most dSph galaxies is more concentrated in the metallicity range for which we have the lowest number of stars: [Fe/H] < −1.2, so the present analysis is not ideal. In Figs. 15 to 18 the distributions for the α-elements, Na, Sc and Cu and for the iron-peak elements are given (the description of the different symbols are given in the figure captions). As can be seen from these figures, there is an overlap among the LMC abundance ratios and those of the dSph galaxies for the α-elements, Sc and Na. Some of the stars from the Sgr dwarf galaxy overlap our sample for O, Ca and Si, but their [Mg/Fe] ratios seem slightly deficient. [Cu/Fe] ratios are also compatible with those found in dSph galaxies (with the exception of Fornax, which shows higher values for Cu). The iron-peak elements Cr, Co and Ni in the LMC sample show slightly smaller ratios than the dSph stars.
For the s-process elements, the dSph galaxies also show enhanced hs and deficient ls compared to the Galactic behavior, although the general pattern is less discrepant than that showed by the LMC inner disk stars. Fornax has a more metal-rich star (Fnx21) with high s content, which may be an s-enriched star. 
Discussion
It is an amazing opportunity to have such numerous data about the chemical compositions of stars in an external galaxy. With this unique data-set, we can now explore in more detail the SFH and better understand better the evolution of the LMC disk. The overall low [X/Fe] ratios indicate that such stars have undergone a global process which is different from that experienced by the average halo and disk stars in the Galaxy. In this section we discuss the possible explanations for such behavior.
As seen in previous sections, small [α/Fe] ratios have been already observed in other stellar systems such as the chemically peculiar halo stars (NS97, NS00), the dSph galaxies Pilyugin (1996) .; and finally a small (low-mass) star-formation event, which would effectively truncate the IMF, yieding fewer high-mass SNe II than for normal SF events (Tolstoy et al. 2003) . To find explanations for the behavior of the iron-peak elements is more puzzling, since they are predicted to be basically produced in SNe Ia (e.g. Travaglio et al. 2005) . A possible explanation is that the yields of the SNe Ia are metallicity dependent (Timmes et al. 2003 ).
The abundance distributions observed for the hs and the ls elements, with hs/ls=[Ba+La/Y+Zr], are in agreement with the hypothesis that s-process elements production in AGB stars is metallicity dependent (Busso et al. 1999 and references therein; Busso et al. 2001; Abia et al. 2003 , Travaglio et al. 2004 . It has been noticed that, due to details on the nucleosynthesis of the s-process, hs-elements (e.g. Ba, La and Nd) are preferentially produced by metal-poor AGB stars compared to ls elements (e.g. Y, Zr and Sr), which have instead their production peak at [Fe/H] ≈ -0.1 (e.g. Fig. 1 Nevertheless, Venn et al. (2004) discuss if the abundances of the dSph galaxies of such elements are indeed due to the s-process or if they have a strong contribution from the r-process, including Y. Also, according to Richtler et al. (1989) and Russell & Dopita (1992) , the most probable explanation for the high Ba and La abundances observed in the Magellanic Clouds is an additional r-process component. This would mean that hs and ls elements are produced in different rates by the r-process nucleosynthesis, probably in different sites. Therefore, the analysis of the behavior of the s-elements in the given metallicity range is complex and must take into account both the r and the s contributions.
Galaxy Formation and Evolution
One of the most debated themes about galaxy formation in the Universe within a ΛCDM hierarchical scenario concerns the problem of overprediction of the number of galaxies at low-z and underprediction at high-z (Cimatti et al. 2002) . One of the consequences for the Local Group is a larger number of small galaxies than is actually observed. According to these models, numerous merging and accretion events play an important role in the formation process of massive galaxies (e.g. Moore et al. 1999) . The quest for signatures of possible accreted stars from nearby galaxies in the Galactic halo and disk have been carried out, without definite conclusions (NS97, NS00, Ivans et al. 2003 , Venn et al. 2004 .
A careful inspection on the chemical distributions of the different Galactic components, with the low dispersion in the abundance ratios at each metallicity bin, and the smooth transitions between them (see e.g. plots from Venn et al. 2004 ), seem to indicate a different process: that the whole Galaxy has been built within a global process, rather than by many accreting events, even for the galactic halo (see Gilmore & Wyse 2004) .
Such observational features hint for a common history within the same environment rather than a mix of SFHs. The results from the present work strongly support this idea.
As one of the nearest satellites of the MW, with a long kinematic interactional history with our galaxy, the LMC is an obvious target for searching for possible interacting 
Summary
In the present paper we report abundance ratios for a series of elements, including α, s and iron-peak elements, Na, Sc and Cu for a sample of stars (62) of the inner disk of the LMC. We have found a very different behavior for most of the elements relative to stars from the Galaxy with similar metallicity, hinting at a very different evolutionary history.
The main results are summarized as follows:
-[α/Fe] ratios show an overall deficient pattern relative to Galactic distributions -the [X/Fe] deficiency of the α-elements is also followed by Na, Sc, Cu and, in an unexpected behavior, by the iron-peak elements Ni, Cr and Co -we have found relationships between NaNi and NaMg, in agreement to those derived by Nissen & Schuster (1997) for their low-α halo stars -Cu abundance ratios show very small values, [Cu/Fe] ≃ -0.60 dex, with no apparent trend with metallicity.
-s-process elements behavior is dichotomic: while high-s elements (Ba and La) present an enhanced pattern, low-s elements (Y and Zr) are deficient relative to the galactic samples. Such behavior has been observed before in LMC and SMC F supergiants and in the dSph galaxies stars.
-we have derived Eu abundances for two of our stars, and found [Eu/Fe] = +0.40 dex.
Eu abundances are important for the elucidation of r/s contributions and the chemical history of the population. For the next two fields (see Introduction) the wavelength range of the spectra covers this line and a better evaluation of such contributions will be possible.
-compared to the dSph galaxies we have found similar abundance ratios for almost all the elements, with a mild deficiency of Cr and Ni, and slight enhancements of La, Ba, Na and Y. LMC Inner Disk abundances of Ca, Si, O and Mg are also similar to those of the Sagittarius dwarf galaxy.
-the alike pattern between the LMC inner disk population and the samples of the dSph galaxies indicate that all these galaxies may have undergone similar SFH -the low-α stars of NS97 have abundance trends similar to ours for most elements (if one excludes the heavy s elements). From the chemical point of view, an accreting origin from the LMC for those stars cannot be totally excluded.
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Sneden, C., Gratton, R. [Fe/H] (symbols are the same as in Fig. 8 ). Blue dots depict our sample stars and cyan asterix, the low-α stars from NS97. Black symbols represent galactic samples (see Sect. 5 for details). 
